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Background:  Administration  of multiple  simultaneous  vaccines  to infants,  children,  and  military  recruits
is not  uncommon.  However,  little  research  exists  to examine  associated  serological  and  health  effects,
especially  in adults.
Method: We retrospectively  examined  416  paired  serum  specimens  from  U.S.  military  subjects  who  had
received the  inactivated  polio  vaccine  (IPV)  alone  or  in combination  with  either  1  other  vaccine  (<3  group)
or  4  other  vaccines  (>4  group).  Each of the  2  groups  was subdivided  into  2 subgroups  in  which  Tdap  was
present  or  absent.
Results: The  >4  group  was  associated  with  a higher  proportion  of polio  seroconversions  than  the  <3 group
(95% vs.  58%,  respectively,  p < 0.01).  Analysis  of the <3 subgroup  that excluded  Tdap  vs. the  >4  subgroup
that  excluded  Tdap  showed  no  difference  between  them  (p  >  0.1).  However,  the  >4  subgroup  that  included
Tdap  had  significantly  more  seroconversions  than  either  the  <3  subgroup  that  excluded  Tdap  or  the  >4
subgroup  that  excluded  Tdap  (p <  0.01).  Overall,  at least  98%  of  subjects  were  at  or  above  the  putative
level  of seroprotection  both  pre-  and  post-vaccination,  yet  at least  81%  of  subjects  seroconverted.  In  an
analysis  of 400  of the  subjects  in which  clinic  in- and  outpatient  encounters  were  counted  over  the  course
of 1  year  following  vaccinations,  there  was  no significant  difference  between  the  2  groups  (p >  0.1).

Conclusion:  A  combination  of  >4  vaccines  including  IPV appeared  to  have  an  immunopotentiation  effect
on polio  seroconversion,  and Tdap  in  particular  was  a strong  candidate  for an  important  role.  The  dose
of IPV  we  studied  in our subjects,  who  already  had  a high  level  of  seroprotection,  acted  as  a booster.  In
addition,  there  appear  to be no negative  health  consequences  from  receiving  few  versus  more  multiple
simultaneous  vaccinations.

Published  by  Elsevier  Ltd.
. Introduction

Recruits at all military basic training centers routinely receive
hree or more vaccinations within several days of arrival at the
amp. Multiple simultaneous vaccinations are also very common in
mmunization schedules for children. Although practical in terms
f time, cost, and compliance, the administration of multiple vac-

inations raises questions regarding the immediate effect on the
mmune system, short- and long-term health concerns, and the

∗ Corresponding author. Tel.: +1 619 553 8515.
E-mail address: michael.broderick@med.navy.mil (M.P. Broderick).

1 Current address: Office of Public Health Preparedness and Response, CDC,
tlanta, GA 30333, USA.

ttp://dx.doi.org/10.1016/j.vaccine.2014.07.088
264-410X/Published by Elsevier Ltd.
effect of several simultaneous vaccines on the serological responses
of the individual vaccines.

Strategies for study of multiple vaccinations include manipu-
lation of timing of administration and number of vaccines given
simultaneously. Pierce and Miller [1] studied Navy basic trainees,
one group of which received the regular schedule of 6 vaccines
in the first weeks of training and one which received only polio
and influenza vaccines in the first 3 weeks and the others during
weeks 5 through 9. The latter had significantly lower (approxi-
mately 20%) rates of febrile respiratory illness over the entire 10
weeks of training than the former. In this case, the number of
vaccines given over the course of 9 weeks was the same but the

timing affected the health outcomes. Timing was  also investigated
by Hotopf et al. [2], who  found that receipt of multiple vaccines
before deployment was associated with only 1 of the 6 adverse
health outcomes that were monitored, while 5 of the 6 adverse

dx.doi.org/10.1016/j.vaccine.2014.07.088
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2014.07.088&domain=pdf
mailto:michael.broderick@med.navy.mil
dx.doi.org/10.1016/j.vaccine.2014.07.088
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utcomes were associated with receipt of the same vaccinations
uring deployment.

Investigating administration of multiple vaccinations with
espect to the number and type of vaccines, various studies have
ound either diminished antibody responses [3–5], or poorer health
utcomes [6] associated with various combinations of vaccines.

 hypothesis for the latter of these effects in war  veterans was
roposed by Rook and Zumla [7], that a combination of multiple-
accine schedules, stresses of war, and environmental exposures
nduced an exaggerated humoral immune response because the
accines that had been used tend to drive a type 2 helper T cell
Th2) response, which, they argued, could contribute to chronic
atigue, mood change, and allergy. The hypothesis of the associa-
ion of multiple vaccinations to Gulf War  health concerns has been

ore recently cast in doubt [8–10], and a pediatric study showed
o association of multiple vaccinations with increased illness
11].

Many studies have examined the tolerability and immune
esponses in children to various vaccine combinations, such as the
ve-component pertussis combination vaccine CPDT-IPV//PRP-T
12], or similar combinations with Haemophilus influenzae vaccines.
uch combinations have been determined to be immunogenic
nd safe. A study of children receiving the recommended sched-
le of vaccines showed no adverse effects on neuropsychological
utcomes. [13] Nevertheless, there is evidence of changes in
mmune response to particular vaccines when given along with
thers. Lower antibody titers were observed to type 3 polio virus
hen CPDT-IPV//PRP-T was given in the combined format [12].

imilarly, it was found, for example, that anti-polyribosylribitol
hosphate (PRP) response was lower in children when DTaP-

PV-Hib (diphtheria-tetanus-acellular pertussis–inactivated polio
accine –H. influenzae type b vaccine) was given with a conjugate
eningococcal vaccine. [14] Likewise, PRP response was  dimin-

shed when IPV rather than oral polio virus (OPV) was administered
ith DTaP/Hib [15].

Here we examine the effects of multiple simultaneous vac-
inations on IPV-induced seroconversion and seroprotection and
ubsequent health outcomes in adults. We  studied serological
esponses of individuals who received various combinations of vac-
inations, all of which included IPV, and counts of a broad range
f clinic encounters as defined by the International Classification of
iseases, 9th Revision (ICD-9). Because, as noted above, a form of

etanus/diphtheria/acellular pertussis (Tdap) has been included in
any studies of multiple vaccines, we highlighted the inclusion of

dap among the vaccine combinations.

. Materials and methods

.1. Ethics

The Naval Health Research Center Institutional Review Board
pproved the study protocol (NHRC.2011.0015), and the work was
arried out in accordance with The Code of Ethics of the World Med-
cal Association (Declaration of Helsinki) for experiments involving
umans. The approved study protocol was also reviewed by the
enters for Disease Control and Prevention (CDC) human subjects
ffice and was determined exempt. The subjects were pre-existing
e-identified active-duty US military personnel who had provided
erum at some time before entering training at a US military
ecruit center, had been vaccinated soon after arrival at the train-

ng center, and had provided serum after vaccination(s) in the
ime frames noted below, and whose relevant data had been
tored the Defense Medical Epidemiological Database and made
vailable by the Armed Forces Health Surveillance Center to the
uthors.
 33 (2015) 2842–2848 2843

2.2. Sera

Pre-existing serum pairs were provided by the Department of
Defense Serum Repository, stripped of all personally identifying
information, and assigned a random identification number so that
laboratory personnel were blinded to any study-related informa-
tion. The Serum Repository regularly collects serum samples from
all military personnel as part of its routine surveillance activi-
ties and stores them at −30 ◦C. The serum samples of 0.5 cc each
were sent by overnight delivery from the Serum Repository to the
Polio and Picornavirus Laboratory Branch, CDC, Atlanta, Georgia,
for determination of neutralizing antibody titers.

2.3. Study design

Five study groups were planned, each including IPV. Group 1 was
comprised of IPV alone, Group 2 of IPV and Tdap vaccine and any
other single vaccine, Group 3 of IPV and any other 1 or 2 vaccines,
Group 4 of IPV and 4 other vaccines including Tdap, and Group 5
of IPV and 4 other vaccines not including Tdap. Groups 1, 2, and
3 together were designated as the <3 group and Groups 4 and 5
together as the >4 group.

The subjects must have had 1 serum sample drawn before their
vaccination(s) and 1 drawn after at one of three time points: 1–2
months, 3–5 months, or 6–12 months. The pre-vaccination serum
sample must have been obtained less than 210 days before the vac-
cination(s). Data associated with each paired serum set included
age, sex, race/ethnicity, military branch, and military grade, as well
as outpatient and inpatient encounters in 14 ICD-9 code ranges
occurring up to 1 year from the vaccination(s). The outpatient and
inpatient encounters recorded under any one of these ICD-9 code
ranges were summed for each subject over the course of 1 year
from the vaccinations.

There were 416 subjects included in the serology analysis and
400 identified with data on outpatient and inpatient encounters
(mean age 21 years, SD = 3.8).

2.4. Polio virus serotypes

Neutralizing antibody titers were determined for polio viruses
types 1, 2, and 3, using the 3 Sabin vaccine strains. Stock viral cul-
tures were maintained by passage in HEp-2C cells and frozen at
−70 ◦C in small aliquots [16]. Laboratory personnel were blinded
from any study group or patient identifier information.

2.5. Viral particle neutralization assay

Between 80 and 100 median cell culture infectious dose (CCID50)
of each poliovirus serotype and two-fold serial dilutions of serum
(1:8 to 1:1024) were combined and preincubated at 37 ◦C for 3 h
before the addition of HEp-2C cells. After incubation for 5 days at
37 ◦C and 5% CO2, plates were stained with crystal violet, and cell
viability was measured by optical density in a spectrophotometer.
Each specimen was run in triplicate, with parallel specimens from
one study subject tested in the same assay run, and the neutraliza-
tion titers estimated by the Spearman–Karber method [17]. Each
run contained multiple replicates of a standard antiserum starting
at a 1:32 dilution to assess performance variation. The only serum
simultaneously. A titer above the lower cutoff (1:8) was  considered
seroprotective, [18] a titer below 1:8 was considered negative, and
the titer 1:1448 was  the upper limit of the assay. Seroconversion
was considered to be either a 4-fold rise in titer or a rise from any
titer, other than 1:1448, to 1:1448.
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Table 1
Demographics of subjects within each analysis by the dichotomous vaccine
grouping.

Demographics Subject n and % of group

Serology analysis Clinic encounter analysis

<3 Vaccine
group

>4 Vaccine
group

<3 Vaccine
group

>4 Vaccine
group

Sex
Male 121 (86) 191 (69) 92 (88) 212 (72)
Female 20 (14) 84 (31) 13 (12) 83 (28)

Race/ethnicity
White 78 (61) 168 (62) 66 (65) 185 (64)
Black 32 (25) 48 (18) 22 (22) 47 (16)
Hispanic 10 (8) 43 (16) 7 (7) 46 (16)
Asian 8 (6) 10 (4) 6 (6) 11 (4)

Age, years

T
V

H

844 M.P. Broderick et al. / V

.6. Statistical analysis

Median and geometric mean titers were calculated for groups of
accines. Logistic regression was used to test the effect of number
nd grouping of vaccines on seroconversions. Time from vaccina-
ion to the subject’s subsequent blood draw, sex, race, and age were
xamined as covariates, with age categorized into 3 ranges: 17–20,
1–26, and ≥27 years. The sums of each subject’s inpatient and
utpatient encounters were used as the observations in analysis
f variance (ANOVA) that tested receipt of <3 vaccines against >4
accines. Along with number of vaccines received, sex and race
ere examined as fixed factors, and continuous age as a covari-

te. A separate ANOVA was done to test effect of time frame (30-60
ays, 61-120 days, 121-180 days, 181-240 days, 241-300 days, and
01-360 days) on outpatient encounters. A multivariate analysis of
ariance (MANOVA) was done to examine the difference between
he counts of in- and outpatient encounters occurring within the
anges of ICD-9 codes. All statistical analyses were performed using
PSS software (IBM, Armonk, NY).

. Results

The demographics of the subjects by vaccine groupings are
hown in Table 1. Subjects were mostly white (61%) and male (86%).
or the serology analysis, 57 subjects received IPV alone and 84
eceived IPV plus 1 other vaccine (4 vaccines accounted for 99% of
hese). The other 275 subjects received IPV plus 4 vaccines. There
ere no significant demographic differences between the <3 vac-

ines and >4 vaccines groups. Vaccine combinations included 16
accines (Table 2). Of the subjects with exactly 2 vaccines, the
econd vaccine was the conjugate meningococcal in 65% of sub-
ects, Td in 17%, measles, mumps, and rubella in 7%, Tdap in 6%,
nd meningococcal polysaccharide in 5%. In the >4 group combina-
ions, these same vaccines were present in, respectively, 65%, 49%,
0%, 49%, and 30% of subjects, as were attenuated influenza in 40%,
plit-virus influenza in 33%, and hepatitis A in 65% of subjects.

.1. Polio seroresponse
Across the 3 antigenic types (P1, P2, and P3) there was  agree-
ent of approximately 85% in a comparison of seroconversion,

nd 98% in putative seroprotection for each of the 498 subjects.

able 2
accines studied. The occurrences are very similar for the encounter analysis and not sho

Vaccine HL7 code 

Inactivated polio virus (IPV) 010 

Meningococcal (total)
Meningococcal conjugate A, C, Y, W-135 114 

Meningococcal polysaccharide A, C, Y, W-135 032 

Tetanus/diphtheria (total)
Td (adult), adsorbed 009 

Tdap  115 

Hepatitis (total)
Hepatitis A vaccine, adult dosage 052 

Hepatitis A and hepatitis B 104 

Hepatitis A vaccine, pediatric/adolescent dosage, 2 dose 083 

Hepatitis B, adult dosage 043 

Influenza (total)
Influenza virus, live, attenuated, intranasal (LAIV) 111 

Influenza virus – split virus (TIV) 015 

Novel  influenza – H1N1, 2009 127 

Influenza virus, not otherwise specified 088 

Measles, mumps, and rubella (MMR)  003 

Pneumococcal 033 

Typhoid VI capsular polysaccharide 101 

L7, health level 7.
17–20 80 (57) 161 (59) 59 (56) 173 (59)
21–26 54 (38) 95 (35) 40 (38) 101 (34)
≥27 7 (5) 19 (7) 6 (6) 21 (7)

Because the results of the analyses of the independent variables
across the 3 antigens were very similar, only the analyses of P1
are presented here. The race covariates American Indian, Other,
and Race Not Stated were removed from analysis because of few
observations.

3.1.1. Serum antibody levels
The calculation of median and mean titers was  constrained by

the fact that the titer assays had a floor of 1:8 and a ceiling of
1:1448, and we report the median and means with this in mind.
The post-vaccination median titers were 1:1448 for both the <3 and
the >4 groups. However, post-vaccination geometric mean titers
were 1:486 for the <3 group and 1:1190 for the >4 group (Table 3).
An ANOVA showed this difference to be significant (p < 0.001). The
statistical comparison, though strictly unadvisable because of the
ceiling on the assay values, is suggestive of a real effect if we assume
that there were not many wildly high titers (far >1:1448) in the <3
group being masked by the assay ceiling (Table 4).
3.1.2. Seroconversion
Because of the assay ceiling of 1:1448, we could not strictly

assess seroconversion as a four-fold rise in titer for all sub-
jects, so the seroconversion analyses here exclude subjects whose

wn.

Serology analysis occurrences

<3 Group >4 Group Sum

141 275 416

55 179 234
4 83 87

14 136 150
5 135 140

0 179 179
0 64 64
0 9 9
0 5 5
0 240 240
0 111 111
0 89 89
0 31 31
0 9 9
6 57 63
0 1 1
0 1 1
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re-vaccination titer was ≥1:1448. The n after eliminating these
ubjects was 130 for the <3 group and 257 for the >4 group (Table 3).
olio antibody seroconversion from pre-polio vaccination titer to
ost vaccination titer occurred in 81% of all subjects whose baseline
iters were <1:1448. The distribution of baseline titers between the
roups was very similar. In particular, the baseline of ≥1:1448 was
ound in 8% in the <3 group and 7% in the >4 group.

A logistic regression of the <3 versus the >4 vaccine groups,
djusted for sex, race, age category, and time post vaccination to
ubsequent blood draw, showed large differences in polio serocon-
ersions between the <3 vaccine group and the >4 group (58% vs.
5%, p < 0.001; Table 3). We  did these same analyses excluding sub-

ects whose pre-vaccination titers were ≥1:1024 but this had no
irtually no effect on the results.

The unadjusted logistic regression of the subgroups consisting
f IPV plus any 1 vaccine other than Tdap, >4 including Tdap, and
4 plus any vaccines other than Tdap, was significant, with IPV
lus any 1 vaccine other than Tdap having a significant lower pro-
ortion of seroconversions than >4 including Tdap (Table 3). The
djusted logistic regression was not significant. The unadjusted
ogistic regression of the subgroups consisting of >4 plus Tdap and
4 plus any vaccine other than Tdap was significant, with >4 includ-
ng Tdap having a significant higher proportion of seroconversions.
he adjusted regression was not significant (Table 3).

The effects noted above involving <3 vaccines were confounded
y the fact that the mean time from pre-vaccination serum to vacci-
ation was significantly greater (p < 0.01) in the IPV-only group (91
ays) than either the IPV + 1 group (59 days) or the >4 group (66
ays). However, there was no significant difference between any
f the groups in the pre-vaccination geometric mean titer (p > 0.1),
nd the medians were very similar. For this reason, and because
here was no a priori reason for suspecting that a difference in

ean pre-vaccination period should affect the variable of interest,
e did not include pre-vaccination time as a variable in any of the

oregoing analyses. However, to allay concern that the difference in
re-vaccination time is indicative of some lurking variable, we did
ot include the IPV-only group by itself in any of logistic models.

Another confounder was identified as the mean time from vac-
ination to post-vaccination serum, which was significantly less
p < 0.05) in (1) the IPV-only group than the IPV + 1 group, (2) the
3 group than the >4 group, and (3) the >4 with Tdap subgroup
han the >4 without Tdap subgroup. However, in the <3 group vs.
4 group comparison (p < 0.001), the adjusted model did include
he post-vaccination time frames. In addition, in a separate logistic
egression including only the <3 group vs. >4 group with post-
accination time frames, the <3 group still had a lower proportion
f seroconversions than the >4 group (p < 0.001).

.1.3. Seroprotection
Overall, 98% and 99% of subjects were at or above the putative

evel of seroprotection pre- and post-vaccination, respectively, and
8% and 100% were at this level post vaccination in the <3 and >4
roups, respectively.

.2. Clinic encounters

Overall, 28 of the subjects (7% of all) accounted for the 55 total
npatient visits, and 371 of the subjects (89% of all) accounted for the
otal 4308 outpatient visits. Across all subjects there was  a median
f 6 outpatient visits.

The ANOVA for inpatient encounters, with dichotomous vaccine
roup (<3 vaccines vs. >4), sex, race as fixed factors, and age as a

ovariate showed no differences between the levels of the factors
the p for each factor was >0.5) (Table 5). The same analysis substi-
uting outpatient encounters as the independent variable showed
o difference in any of the levels of the factors except sex (p = 0.002) Ta
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Table 4
In- and outpatient encounters by ICD-9 code range and vaccine group.

ICD-9 codes Inpatient encountersa Outpatient encountersa

<3 Group >4 Group <3 Group >4 Group

001–139 Infectious and Parasitic Diseases 1 0 78 178
140–239 Neoplasms 0 0 0 5
240–279 Endocrine, Nutritional and Metabolic Diseases, and Immunity Disorders 0 0 11 101
280–289 Diseases of the Blood and Blood-Forming Organs 0 2 9 21
290–319 Mental Disorders 1 20 176 596
320–389 Diseases of the Nervous System and Sense Organs 0 3 90 240
390–459 Diseases of the Circulatory System 0 1 10 15
460–519 Diseases of the Respiratory System 2 5 160 481
520–579 Diseases of the Digestive System 1 1 51 134
580–629 Diseases of the Genitourinary System 1 1 52 97
630–679 Complications of Pregnancy, Childbirth, and the Puerperium 0 3 2 38
680–709 Diseases of the Skin and Subcutaneous Tissue 0 1 54 176
710–739 Diseases of the Musculoskeletal System and Connective Tissue 1 3 194 694
780–799 Symptoms, Signs, and Ill-Defined Conditions 2 6 145 468

(
w
a

e
(
e
f
f
6
<
a

c
e
r

4

s
r
p
a
w

T
C

A

All  the above 

a Visits per subject is in parentheses.

Table 5). A separate ANOVA on the two >4 groups as factors (>4
ithout Tdap vs. >4 with Tdap) with sex, race as fixed factors, and

ge as a covariate, found no difference between them (p = 0.359).
The ANOVA that tested the effect of time frame on outpatient

ncounters showed a significant difference between time frames
p < 0.001), with a Tukey post hoc test finding significantly more
ncounters in the 0–60 day time frame than in any other time
rame (the p for all these comparisons <0.01), and significantly
ewer encounters in the 301–360 day time frame than in the 30–60,
1–120, and 121–180 time frames (the p for all these comparisons
0.05). There was no interaction between the <3 vs. >4 vaccines as

 factor and time frame (p > 0.9).
The MANOVA on the dichotomous vaccine group (<3 vs. >4 vac-

ines) with respect to the ICD-9 code ranges found no difference in
ither inpatient or outpatient encounters (p = 0.242 and p = 0.718,
espectively).

. Discussion

The group that received >4 simultaneous vaccinations had
ignificantly more seroconversions to IPV than the group that

eceived <3 vaccines. There was also a significant difference in
ost-vaccination geometric mean titers between the two  groups,
lthough, as stated in the results, the calculation of the mean titers
as limited by the fact that there was a ceiling of 1:1448 in the

able 5
linic encounters across all subjects by groupings of vaccines and demographics.

na Outpatient
encounters

Outpatient
encounters, mean

Outpa
p valu

Vaccine grouping
<3 105 1032 9.8 0.686
>4  295 3274 11.1 

Demographics
Male  304 2649 8.7 0.002
Female 96 1657 17.3 

White 251 2695 10.7 0.515
Black  69 843 12.2 

Hispanic 53 561 10.6 

Asian 17 91 5.4 

17–20  years 232 2616 11.3 0.852
21–26  years 141 1449 10.3 

≥27  years 27 241 8.9 

NOVA, analysis of variance; IPV, inactivated polio vaccine; Td, tetanus/diphtheria vaccin
a The race covariates American Indian, other, and race not stated were removed from A
b The p values for the <3 vs. >4 group comparison included sex, race, and age as factors
9 1032 46 3276

assay. Since the pre-vaccine median polio serum titer among all
subjects was  1:114 (only 3 subjects did not have a detectable
titer), the vaccination likely acted as a booster (a seroconversion
occurring after a seroprotective titer). Although childhood polio
vaccine type for these subjects was  not available, their ages sug-
gest that most of the subjects had likely previously received OPV
and would be expected to have lifelong immunity (Poliomyeli-
tis, Centers for Disease Control and Prevention, (http://www.
cdc.gov/vaccines/pubs/pinkbook/downloads/polio.pdf), while the
duration of protection of IPV is not known.

The serological difference between the <3 and >4 groups is con-
sistent with the fact that vaccines can create an immunopotentiator
effect. Pertussis, for example, is known to act as an adjuvant for
other vaccines [19]. In our case, it is unclear which vaccine alone
or in combination was  acting here as the immunopotentiator for
IPV, although Tdap, with its inclusion of pertussis, would be a
good candidate [19,20]. Pertussis toxins during infection can evade
innate immune mechanisms such as phagocytosis. However, it has
recently been reported that pertussis responses are through Toll-
like receptor (TLR) type 4 signaling and the stimulation of Th17
lymphocytes [21]. It is possible that increased activation of cellu-
lar components may  also enhance the response to polio vaccine.

The booster response to a fifth dose of combination vaccine that
included DTaP and IPV was evaluated by Aase et al. [22] in healthy
teenagers, and although these investigators did not report the effect
on polio responses, they documented a significant increase in IgG

tient ANOVA
eb

Inpatient
encounters

Inpatient
encounters, mean

Inpatient ANOVA p
valueb

 9 0.09 0.775
46 0.16

 39 0.13 0.810
16 0.17

 43 0.17 0.799
11 0.16

1 0.02
0 0.00

 28 0.12 0.383
22 0.16

5 0.17

e; Tdap, tetanus/diphtheria/acellular pertussis vaccine.
NOVA because of few observations.
.

http://www.cdc.gov/vaccines/pubs/pinkbook/downloads/polio.pdf
http://www.cdc.gov/vaccines/pubs/pinkbook/downloads/polio.pdf


accine

l
d
n
d
c
c

g
>
s
d
w
p
f
T

g
a
t
c
t
e
T
t
>
p
O
i
o
c
t
v
i
t
v

l
m
t
b
p
p
o
d
a
e
l
y
a
p

c
p
m
s
i
o
t
i
B
t
c
a

t
i

M.P. Broderick et al. / V

evels and opsonophagocytosis to pertussis. Thus, the combination
oes not hinder the responses to pertussis antigens. Furthermore,
onspecific stimulation of anti-polio IgA was reported by Fernan-
es et al. [23] after vaccination of adults with Td vaccine, which
ould be in agreement with a polyclonal stimulation of memory B
ells through TLR4 and TLR9 [24].

Noteworthy, then, is that the unadjusted regression of the sub-
roup of IPV plus any 1 vaccine excluding Tdap, the subgroup of
4 vaccines including Tdap, and the subgroup of >4 excluding Tdap
howed that the two subgroups without Tdap were significantly
ifferent from the subgroup with Tdap, and the two  subgroups
ithout Tdap were not significantly different from each other. It is
ossible that the inclusion of Tdap explains a large part of difference
ound between the groups of <3 vs. >4 vaccines, suggesting that
dap plays an immunopotentiator role for polio seroconversion.

However, it should be noted that these differences between the
roups were found in the unadjusted regressions and not in the
djusted regressions. In addition, it is important to point out that
he effect of individual vaccines in the >4 group could not be directly
ompared in our study because there are many possible combina-
ions that were not equally distributed between Td and Tdap (for
xample, polysaccharide meningococcal vaccine occurred in 99% of
dap combinations but only 32% of Td combinations). This limita-
ion also applies to the comparison of the <3 combinations to the
4 combinations. Hepatitis, influenza, and MMR  were abundantly
resent in the >4 groups, but barely represented in the <3 group.
ne or some combination of those vaccines may  have played a role

n the difference between the <3 and >4 groups. For example, 240
f 275 subjects in the >4 group received an influenza vaccination
ompared to none in the <3 group. If influenza plays an immunos-
imulatory role, then it could perhaps explain a large part of the
ariance, but as with the other vaccines we were unable to examine
t individually. A literature search yielded no reports of immunopo-
entiation due to co-administration of influenza vaccines and polio
accines.

Here we underscore other limitations to the analysis of the sero-
ogy results, namely, (1) that the IPV only group had significantly

ore mean days from pre-vaccine serum collection to vaccination
han other groups, and (2) that there was a significant difference
etween groups in terms of their mean time from vaccination to
ost-vaccination serum. In the case of (1), given that there is no a
riori reason for this confounding variable in itself to have an effect
n the serology results, and that the pre-vaccine titers were not
ifferent between vaccine groups, this parameter was not included
s a variable in the adjusted model. We  believe it important, nev-
rtheless, to mention it as possibly indicative of an unpredicted
urking variable. In the case of (2), the models used in the anal-
sis of the groups designed to include or exclude Tdap, when
djusted for demographic variables and time from vaccination to
ost-vaccination serum, were not significant, as noted above.

We note as well that our study differed from vaccine-
ombination studies in infant populations because it centers on a
opulation that has already been primed and a recall of the immune
emory elicited during infancy was expected [25]. In addition, our

tudy was limited to the measurement of neutralizing antibod-
es to polio and we did not measure cytokine levels or markers
f cell-mediated immunity. It is possible that simultaneous mul-
iple vaccinations led to an elevated immune response to polio by
ncreasing the recruitment of T-helper cells or the recall of memory

 cells. Since we only measured the antibodies to polio, it is possible
hat the responses to other vaccinations increased as well. We  are
urrently investigating antibody responses of other simultaneously

dministered vaccines.

Although our study was not designed to provide insight into
he mechanism for immune activation that could explain this find-
ng, the literature suggests that multiple simultaneous vaccinations
 33 (2015) 2842–2848 2847

may  produce a Th2 response that acts similarly to auto-immune
diseases, cancer, or chemical substances. Other studies have inves-
tigated this possibility. As mentioned in the introduction, Rook
and Zumla [7] hypothesized that some of the symptoms expe-
rienced by Gulf War  veterans could be explained as a special
case of chronic fatigue syndrome with an immunological etiology,
related in part to multiple vaccinations and a resulting exagger-
ated humoral immune response involving a proliferation of Th2
and their associated cytokines. This appeared to be supported by
Hotopf and colleagues [2]. To date, however, the Rook and Zumla
hypothesis has yet to be demonstrated, and the connection of Gulf
War  syndrome is questionable [9,10]. [The laboratory-analysis in
the companion article in this journal (Hansen et al.) casts further
doubt on the hypothesis.] Hotopf et al.’s [8] follow-up study on Gulf
War  veterans showed the disappearance of the vaccine–symptom
association over time.

Here we have found no evidence for an effect of fewer versus
more vaccines on subsequent health outcomes as measured by IC9
codes. Over the first year following the vaccination(s), there was  no
significant difference in either inpatient or outpatient encounters
between the <3 and >4 groups, taking account of several demo-
graphic covariates. In general, young, active-duty personnel go
through medical processing at multiple points, which accounts for
some of their outpatient visits, though these would not be expected
to affect differences in visits between the vaccine groups. Inpatient
encounters were limited to just 7% of the subjects.

There are many examples in the literature of associations of
vaccines and subsequent health complaints, such as the alleged
pertussis, tetanus, and diphtheria combination’s association with
allergy/asthma [26–29]. Regarding the latter, most recent and well-
controlled studies have failed to find a link [30–35]. It is most likely
that any health-associated differences found in military person-
nel relative to numbers of multiple vaccinations will be related
to differences in stress, not vaccines, as we  have shown no differ-
ences in the number of vaccines on health when the groups have
no apparent differences in levels of stress.

U.S. military recruit training centers minimize the number of
vaccines given in the beginning of initial entry training by evaluat-
ing available medical records, performing serologic studies prior to
vaccinating, and delaying vaccines that are not covering immediate
health threats in basic training. The pre-vaccination titers we found
in this study suggest that the target population is highly protected
before entering the military, and the IPV they receive as military
recruits acts as a booster to raise titers even higher. We  have found
no effect on health of multiple simultaneous vaccinations, con-
firming their safety in the face of the known impact of epidemic
diseases in this at-risk population – including histories of devas-
tating outbreaks of influenza, group A streptococcus, adenovirus,
and meningococcal disease. Whether administered individually or
with other vaccines, IPV offers excellent protection for the mili-
tary and any population that may  be found in areas of active polio
transmission. Further study is suggested on whether other vac-
cines, especially Tdap, have immunopotentiator effects on IPV, and
on other vaccines as well.

Acknowledgments

This study was  funded by the Military Vaccine Agency (MILVAX)
and by the Bureau of Medicine and Surgery under work unit number
60501. The views expressed in this work are those of the authors
and do not reflect the official policy of the Department of the Navy,

Department of Defense, Centers for Disease Control and Prevention,
or the U.S. Government. Approved for public release; distribution is
unlimited. This research has been conducted in compliance with all
applicable federal regulations governing the protection of human



2 accine

s
R

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[34] Gruber C, Warner J, Hill D, Bauchau V. Early atopic disease and early childhood
immunization – is there a link? Allergy 2008;63:1464–72.
848 M.P. Broderick et al. / V

ubjects in research (protocol NHRC.2011.0015). We thank Jennifer
adin for consultation on the statistical analyses.

eferences

[1] Pierce WE,  Miller LF. Epidemiology and prevention of acute respiratory disease
in  naval recruits. 3. The effect of delayed immunizations of acute respiratory
disease in naval recruits. Am J Public Health Nations Health 1965;55:60–6.

[2] Hotopf M,  David A, Hull L, Ismail K, Unwin C, Wessely S, et al. Role of vacci-
nations as risk factors for ill health in veterans of the Gulf war: cross sectional
study. BMJ  2000;320:1363–7.

[3] Choo S, Finn A. Pediatric combination vaccines. Curr Opin Pediatr
1999;11:14–20.

[4] Dagan R, Eskola J, Leclerc C, Leroy O. Reduced response to multiple vaccines
sharing common protein epitopes that are administered simultaneously to
infants. Infect Immun  1998;66:2093–8.

[5] Gold R, Scheifele D, Barreto L, Wiltsey S, Bjornson G, Meekison W,  et al. Safety
and immunogenicity of Haemophilus influenzae vaccine (tetanus toxoid con-
jugate) administered concurrently or combined with diphtheria and tetanus
toxoids, pertussis vaccine and inactivated poliomyelitis vaccine to healthy
infants at two, four and six months of age. Pediatr Infect Dis J 1994;13:348–55.

[6] Unwin C, Blatchley N, Coker W,  Ferry S, Hotopf M,  Hull L, et al. Health of UK
servicemen who  served in Persian Gulf War. Lancet 1999;353:169–78.

[7] Rook GA, Zumla A. Gulf War  syndrome: is it due to a systemic shift in cytokine
balance towards a Th2 profile? Lancet 1997;349:1831–3.

[8] Hotopf M,  David A, Hull L, Nikalaou V, Unwin C, Wessely S, et al. Risk factors
for continued illness among Gulf War  veterans: a cohort study. Psychol Med
2004;34:747–54.

[9] Peakman M,  Skowera A, Hotopf M.  Immunological dysfunction, vaccination and
Gulf War  illness. Philos Trans R Soc Lond B Biol Sci 2006;361:681–7.

10] Lippi G, Targher G, Franchini M.  Vaccination, squalene and anti-squalene anti-
bodies: facts or fiction? Eur J Intern Med 2010;21:70–3.

11] Offit PA, Quarles J, Gerber MA,  Hackett C, Marcuse E, Kollman T, et al. Addressing
parents’ concerns: do multiple vaccines overwhelm or weaken the infant’s
immune system? Pediatrics 2002;109:124–9.

12] Mills E, Gold R, Thipphawong J, Barreto L, Guasparini R, Meekison
W,  et al. Safety and immunogenicity of a combined five-component
pertussis-diphtheria-tetanus-inactivated poliomyelitis-haemophilus B conju-
gate  vaccine administered to infants at two, four and six months of age. Vaccine
1998;16:576–85.

13] Smith MJ,  Woods CR. On-time vaccine receipt in the first year does not adversely
affect neuropsychological outcomes. Pediatrics 2010;125:1134–41.

14] Kitchin NR, Southern J, Morris R, Hemme  F, Thomas S, Watson M, et al.
Evaluation of a diphtheria-tetanus-acellular pertussis-inactivated poliovirus-
Haemophilus influenzae type b vaccine given concurrently with meningococcal
group C conjugate vaccine at 2, 3 and 4 months of age. Arch Dis Child
2007;92:11–6.

15] Rennels MB,  Englund JA, Bernstein DI, Losonsky G, Anderson E, Pichichero
M,  et al. Diminution of the anti-polyribosylribitol phosphate response to a
combined diphtheria-tetanus-acellular pertussis/Haemophilus influenzae type
b  vaccine by concurrent inactivated poliovirus vaccination. Pediatr Infect Dis J
2000;19:417–23.
16] World Health Organization Collaborative Study Group on Oral Poliovirus
Vaccine. Factors affecting the immunogenicity of oral poliovirus vaccine:
a  prospective evaluation in Brazil and the Gambia. World Health Organi-
zation Collaborative Study Group on Oral Poliovirus Vaccine. J Infect Dis
1995;171:1097–106.

[

 33 (2015) 2842–2848

17] Finney DJ. The Spearman-Karber method. In: Finney D, editor. Statistical meth-
ods in biology. 2nd ed London: Charles Griffin; 1964. p. 524–30.

18] Theeten H, Rumke H, Hoppener FJ, Vilatimo R, Narejos S, Van Damme
P,  et al. Primary vaccination of adults with reduced antigen-content
diphtheria-tetanus-acellular pertussis or dTpa-inactivated poliovirus vaccines
compared to diphtheria-tetanus-toxoid vaccines. Curr Med  Res Opin 2007;23:
2729–39.

19] Allen JS, Skowera A, Rubin GJ, Wessely S, Peakman M.  Long-lasting T cell
responses to biological warfare vaccines in human vaccinees. Clin Infect Dis
2006;43:1–7.

20] Butler D. Admission on Gulf War  vaccines spurs debate on medical records.
Nature 1997;390:3–4.

21] Carbonetti NH. Immunomodulation in the pathogenesis of Bordetella pertussis
infection and disease. Curr Opin Pharmacol 2007;7:272–8.

22] Aase A, Herstad TK, Merino S, Bolstad M,  Sandbu S, Bakke H,  et al. Immuniza-
tion of teenagers with a fifth dose of reduced DTaP-IPV induces high levels of
pertussis antibodies with a significant increase in opsonophagocytic activity.
Clin Vaccine Immunol 2011;18:1269–74.

23] Fernandes JR, Wasserman S, Snider DP. Stimulation of anti-polio and anti-HSV
IgA pre-plasma cell response in blood following parenteral immunization with
tetanus-diphtheria vaccine. Vaccine 2010;28:1493–8.

24] Bernasconi NL, Traggiai E, Lanzavecchia A. Maintenance of serological
memory by polyclonal activation of human memory B cells. Science
2002;298:2199–202.

25] Wahid R, Cannon MJ,  Chow M.  Virus-specific CD4+ and CD8+ cytotoxic T-cell
responses and long-term T-cell memory in individuals vaccinated against polio.
J  Virol 2005;79:5988–95.

26] Odent MR, Culpin EE, Kimmel T. Pertussis vaccination and asthma: is there a
link? JAMA 1994;272:592–3.

27] Kemp T, Pearce N, Fitzharris P, Crane J, Fergusson D, St. George I, et al. Is infant
immunization a risk factor for childhood asthma or allergy? Epidemiology
1997;8:678–80.

28] Hurwitz EL, Morgenstern H. Effects of diphtheria-tetanus-pertussis or tetanus
vaccination on allergies and allergy-related respiratory symptoms among chil-
dren and adolescents in the United States. J Manip Physiol Ther 2000;23:81–
90.

29] McDonald KL, Huq SI, Lix LM,  Becker A, Kozyrskyj A. Delay in diphtheria, pertus-
sis, tetanus vaccination is associated with a reduced risk of childhood asthma.
J  Allerg Clin Immunol 2008;121:626–31.

30] Heininger U. A risk-benefit analysis of vaccination. Vaccine 2009;27(Suppl
6):G9–12.

31] Nilsson L, Kjellman NI, Bjorksten B. A randomized controlled trial of the
effect of pertussis vaccines on atopic disease. Arch Pediatr Adolesc Med
1998;152:734–8.

32] Maitra A, Sherriff A, Griffiths M,  Henderson J. Pertussis vaccination in
infancy and asthma or allergy in later childhood: birth cohort study. BMJ
2004;328:925–6.

33] Nilsson L, Kjellman NI, Bjorksten B. Allergic disease at the age of 7 years
after pertussis vaccination in infancy: results from the follow-up of a random-
ized controlled trial of 3 vaccines. Arch Pediatr Adolesc Med  2003;157:1184–
9.
35] Balicer RD, Grotto I, Mimouni M,  Mimouni D. Is childhood vaccination asso-
ciated with asthma? A meta-analysis of observational studies. Pediatrics
2007;120:e1269–77.

http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0005
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0010
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0015
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0020
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0025
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0030
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0035
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0040
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0045
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0050
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0055
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0060
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0065
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0070
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0075
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0080
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0085
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0090
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0095
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0100
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0105
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0110
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0115
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0120
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0125
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0130
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0135
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0140
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0145
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0150
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0155
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0160
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0165
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0170
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175
http://refhub.elsevier.com/S0264-410X(14)01070-6/sbref0175


REPORT DOCUMENTATION PAGE 
 

 

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing the burden, to Washington Headquarters Services, Directorate for Information Operations and 
Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, Respondents should be aware that notwithstanding any other provision of law, no person shall 
be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB Control number. PLEASE DO NOT RETURN YOUR 
FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD MM YY) 

November 2013 
2. REPORT TYPE 

Journal Artical 
3. DATES COVERED (from – to) 

2012  

4. TITLE 
Effect of Multiple Simultaneous Vaccines on Polio Seroresponse and Associated 
Health Outcomes 

5a. Contract Number:  
5b. Grant Number:  
5c. Program Element Number:  
5d. Project Number:  
5e. Task Number:  
5f.  Work Unit Number:   60501 
5g.  IRB Protocol Number:  2011.0015  & Military 
Vaccine Agency 

6. AUTHORS 
Michael P. Broderick, M. Steven Oberste, Deborah Moore, Sandra Romero-
Steiner,Christian J. Hansen, & Dennis J. Faix 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Commanding Officer 
Naval Health Research Center 
140 Sylvester Rd 
San Diego, CA 92106-3521 

 

8. PERFORMING ORGANIZATION REPORT 
NUMBER 

 
  13-53 

 
8. SPONSORING/MONITORING AGENCY NAMES(S) AND ADDRESS(ES) 

Commanding Officer                          Chief, Bureau of Medicine and Surgery 
Naval Medical Research Center        7700 Arlington Blvd 
503 Robert Grant Ave                        Falls Church, VA 22042 

   Silver Spring, MD 20910-7500 
 

10. SPONSOR/MONITOR’S ACRONYM(S) 
NMRC/BUMED 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(s) 
 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution is unlimited. 

13. SUPPLEMENTARY NOTES 
 

14. ABSTRACT 
Background: Administration of multiple simultaneous vaccines to infants, children, and military recruitsis not uncommon. However, little research 
exists to examine associated serological and health effects, especially in adults.  
Method: We retrospectively examined 416 paired serum specimens from U.S. military subjects who had received the inactivated polio vaccine (IPV) 
alone or in combination with either 1 other vaccine (<3 group)or 4 other vaccines (>4 group). Each of the 2 groups was subdivided into 2 subgroups in 
which Tdap was present or absent. 
Results: The >4 group was associated with a higher proportion of polio seroconversions than the <3 group(95% vs. 58%, respectively, p < 0.01). 
Analysis of the <3 subgroup that excluded Tdap vs. the >4 subgroup that excluded Tdap showed no difference between them (p > 0.1). However, the 
>4 subgroup that included Tdap had significantly more seroconversions than either the <3 subgroup that excluded Tdap or the >4 subgroup that 
excluded Tdap (p < 0.01). Overall, at least 98% of subjects were at or above the putative level of sero protection both pre- and post-vaccination, yet 
at least 81% of subjects seroconverted. In an analysis of 400 of the subjects in which clinic in- and outpatient encounters were counted over the 
course of 1 year following vaccinations, there was no significant difference between the 2 groups (p > 0.1).Conclusion: A combination of >4 vaccines 
including IPV appeared to have an immune potentiation effect on polio seroconversion, and Tdap in particular was a strong candidate for an 
important role. The dose of IPV we studied in our subjects, who already had a high level of seroprotection, acted as a booster. In addition, there 
appear to be no negative health consequences from receiving few versus more multiple simultaneous vaccinations. 
 

15. SUBJECT TERMS 
Polio vaccine, IPV, Simultaneous vaccination, Multiple vaccinations Td, Tdapa 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 
OF ABSTRACT 

UNCL 

18. NUMBER 
OF PAGES 

9 

18a. NAME OF RESPONSIBLE PERSON 
Commanding Officer a. REPORT 

UNCL 
b. ABSTRACT 

UNCL 
c. THIS PAGE 

UNCL 18b. TELEPHONE NUMBER (INCLUDING AREA CODE) 
COMM/DSN:  (619) 553-8429 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. Z39-18 

 


	Effect of multiple, simultaneous vaccines on polio seroresponse and associated health outcomes
	1 Introduction
	2 Materials and methods
	2.1 Ethics
	2.2 Sera
	2.3 Study design
	2.4 Polio virus serotypes
	2.5 Viral particle neutralization assay
	2.6 Statistical analysis

	3 Results
	3.1 Polio seroresponse
	3.1.1 Serum antibody levels
	3.1.2 Seroconversion
	3.1.3 Seroprotection

	3.2 Clinic encounters

	4 Discussion
	Acknowledgments
	References

	Rpt 13-53. SF298, Broderick.pdf
	REPORT DOCUMENTATION PAGE
	2012 
	140 Sylvester Rd
	San Diego, CA 92106-3521
	Commanding Officer                          Chief, Bureau of Medicine and Surgery
	Naval Medical Research Center        7700 Arlington Blvd
	10. SPONSOR/MONITOR’S ACRONYM(S)
	11. SPONSOR/MONITOR’S REPORT NUMBER(s)



